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for 
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cross reference to related applications 

[0001] This application claims the benefit of priority under 35 U.S.C. § 119(e) to U.S. 
Provisional Application No. 60/461,047 filed April 08, 2003, entitled L SHAPED 
TRANSMITTER FOR GRID OF PARALLEL BEAMS OF COLLIMATED LIGHT, 
which is incorporated herein by reference in its entireties and for all purposes. 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0002] The present invention relates generally to light generation for optical sensor 
devices, and more particularly, to an optically transparent member with internal facets 
that act like total internal reflection mirrors that generate a lamina of light when light is 
transmitted through the member. 

2. DESCRIPTION OF THE RELATED ART 

[0003] User input devices for data processing systems can take many forms. Two types 
of relevance are touch screens and pen-based screens. With either a touch screen or a 
pen-based screen, a user may input data by touching the display screen with either a 
finger or an input device such as a stylus or pen. 

[0004] One conventional approach to providing a touch or pen-based input system is to 
overlay a resistive or capacitive film over the display screen. This approach has a number 
of problems. Foremost, the film causes the display to appear dim and obscures viewing of 
the underlying display. To compensate, the intensity of the display screen is often 
increased. However, in the case of most portable devices, such as cell phones, personal 
digital assistants, and laptop computers, high intensity screens are usually not provided. If 
they were available, the added intensity would require additional power, reducing the life 
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of the battery of the device. The films are also easily damaged. In addition, the cost of the 
film scales dramatically with the size of the screen. With large screens, the cost is 
therefore typically prohibitive. 

[0005] Another approach to providing touch or pen-based input systems is to use an array 
of source Light Emitting Diodes (LEDs) along two adjacent X-Y sides of an input display 
and a reciprocal array of corresponding photodiodes along the opposite two adjacent X-Y 
sides of the input display. Each LED generates a light beam directed to the reciprocal 
photodiode. When the user touches the display, with either a finger or pen, the 
interruptions in the light beams are detected by the corresponding X and Y photodiodes 
on the opposite side of the display. The data input is thus determined by calculating the 
coordinates of the interruptions as detected by the X and Y photodiodes. This type of data 
input display, however, also has a number of problems. A large number of LEDs and 
photodiodes are required for a typical data input display. The position of the LEDs and 
the reciprocal photodiodes also need to be aligned. The relatively large number of LEDs 
and photodiodes, and the need for precise alignment, make such displays complex, 
expensive, and difficult to manufacture. 

[0006] Yet another approach involves the use of polymer waveguides to both generate 
and receive beams of light from a single light source to a single array detector. These 
systems tend to be complicated and expensive and require alignment between the 
transmit and receive waveguides. 

[0007] Accordingly, there is a need for an optically transparent member with internal 
facets that act like total internal reflection mirrors to create a lamina of light when light is 
transmitted through the member. 



GRAMP006/P06003/JWR 



2 



SUMMARY OF THE INVENTION 

[0008] The present invention relates to an apparatus and method for generating a lamina 
of light. The apparatus includes an optically transparent member having an input 
configured to receive light and one or more facets formed in the optically transparent 
member. As light enters and travels through the member, a lamina of light is created by 
the light reflecting off the facets. In one application, the lamina of light is provided in the 
free space adjacent a touch screen display. When the lamina is interrupted during a data 
entry operation to the screen, an optical position detection device is used to determine the 
data input based on the location of the interrupt in the lamina. In various other 
embodiments, the position and uniformity of the lamina may be controlled by selecting 
the angle, depth and tilt of a reflective surface of the facets in the optically transparent 
member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, may best be understood 
by reference to the following description taken in conjunction with the accompanying 
drawings in which: 

Figures 1A-1C are top, front and side views of an optically transparent member 
with internal facets used to generate parallel beams of light according to the present 
invention. 

Figure 2 is a perspective view of an optically transparent member with internal 
facets used generate parallel beams of light according to the present invention. 

Figures 3A-3C are enlarged views of various features of the optically transparent 
member according to the present invention. 

Figure 4 is a top-down view of the optically transparent member generating a 
lamina of light according to the present invention. 

Figure 5 is a diagram of the optically transparent member used for generating a 
lamina of light in a data input device according to one embodiment of the present 
invention. 

Figure 6 is a top-down view of a plurality of facets of the optically transparent 
member of the present invention. 

Figure 7 illustrates a cross section of a facet in the optically transparent member 
according to one embodiment of the present invention. 

Figures 8 A and 8B are another perspective view and cross section of the optically 
transparent member according to the present invention. 

Figures 9A and 9B are another top view and cross section of the optically 
transparent member according to the present invention. 
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Figures 10A through IOC illustrate different shapes of reflective surfaces used in 
the optically transparent member according to the present invention. 



Figure 11 illustrates another embodiment of the optically transparent member 
according to the present invention. 

Figure 12 illustrates yet another embodiment of the optically transparent member 
according to the present invention. 

In the figures, like reference numbers refer to like components and elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0009] In co-pending, commonly assigned, U.S. Application Serial No. (attorney docket 
number NSC1-P306), filed on the same day as the present application, a data entry 
apparatus and method is disclosed. The data entry apparatus creates a continuous sheet or 
"lamina" of light in the free space adjacent to a touch screen. An optical position 
detection device, optically coupled to the lamina of light, is provided to detect data 
entries to the input device by determining the location of interrupts in the lamina caused 
when data is entered to the input device. During operation, a user makes a data entry to 
the device by touching the screen using an input device, such as a finger, pen or stylus. 
During the act of touching the screen, the lamina of light in the free space adjacent the 
screen is interrupted. The optical position detection device detects the position of the 
input based on the location of the interrupt. Based on the determined position, the data 
entry is determined. The aforementioned patent application is incorporated by reference 
herein for all purposes. 

[0010] Referring to Figures 1A-1C, top and side views of an optically transparent 
member with internal facets used to generate a lamina of light according to the present 
invention is shown. The member 10 includes, in this particular embodiment, two sides 
10a and 10b. The two sides 10a and 10b are joined at an angle 12. Each side 10a and 10b 
includes a plurality of facets 14. Figures IB and 1C show side views of the member 10 
along axis B-B' and C-C respectively. 

[0011] The member 10 is made of an optically transparent material, such as plastic or 
glass, according to various embodiments of the invention. Whatever material choice is 
used, the material should have an index of refraction greater than that of the free space 
surrounding the member 10. For example, if a member 10 is made of plastic, it will have 
an index of refraction of 1.5. Since the material in this instance has an index of refraction 
greater than the surrounding air (i.e., air has an index of refraction of n = 1.0), the angle 
12 and the facets 14 act as Total Internal Reflection (TIR) mirrors. Consequently, when 
light is transmitted through the member 10, beams are reflected off the "mirrors", 
creating a lamina of light. 
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[0012] Referring to Figure 2, a perspective view of the optically transparent member 10 
is shown. The two sides 10a and 10b of the member 10 are joined at angle 12. Both sides 
10a and 10b include facets 14. 

[0013] Referring to Figures 3A-3C, enlarged views of various features of the optically 
transparent member according to the present invention are shown. In Figure 3A, the 
facets 14 are shown recessed within the side walls 18 of the member 10. Similarly, in 
Figure 3B 3 the facets 14 are shown recessed within the side walls 18 of the side 10b. 
Figure 3C shows the two sides 10a and 10b of member 10 joined by angle 12. Again, the 
facets 14 are shown recessed within the side walls 18 of the member 10. The sidewalls 18 
are provided to keep any rough edges that may result from the manufacture (e.g., molding 
or cutting)along the edge surfaces of the optically transparent member 10 out of the 
optical path. 

[0014] Referring to Figure 4, a diagram of the optically transparent member 10 during 
operation is shown. A light source 40, collimating element 42, and a diffusing element 
44 are all positioned adjacent a first end 46 of the member 10. In one embodiment, the 
light source 40 is a Vertical Cavity Surface Emitting laser (VCSEL), the collimating 
element is a lens, and the diffusing element 44 is a plastic with small plastic or glass 
dispersive spheres. The collimating element 42 receives light from the light source 40. 
The resulting collimated light 48 is directed through the diffusing element 44 and into a 
light input end 46 of the member 10. The light beams 48 are scattered by the diffusing 
element for the purpose of slightly destroying the focus of the collimating element 42, 
making the system "a-focal". An a-focal system tends to create a more uniform dispersal 
of light when traveling down the optically transparent member 10. In one embodiment, 
the diffusing element introduces only a slight scattering effect, for example, an average 
divergence of one (1) degree. In other embodiments, the scattering effect ranges from 10 
degrees or less. The scattered light entering the input end 46 travels down the length of 
side 10a, is reflected by the angled mirror 12, which operates by TIR, and then travels 
down the side 10b. As the light travels through the member 10, light is reflected off the 
mirrored surfaces of the facets 14, resulting in the light being reflected into the free space 
between the sides 10a and 10b. The reflected light creates, in effect, a lamina 50 of light 
in the free space between the sides 10a and 10b of the member 10. 
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[0015] Referring to Figure 5, the use of member 10 in a touch screen display system 
according to one embodiment of the present invention is shown. The touch screen display 
system 60 includes a lamina 62 of light generated in the free space adjacent to or just 
above a display screen 64. The lamina 62 is generated by the member 10 configured to 
propagate light across the free space immediately above the surface of the screen. 
Specifically, side 10a is used to generate light in the Y direction and side 10b is used to 
generate light in the X direction. The resulting lamina 62 of light is created in the free 
space just above or in front of the screen 64. The lamina 62 is thus interrupted when an 
input device (not shown), such as a user's finger or a hand-held stylus or pen, is used to 
touch the screen 64 during a data entry operation. An X axis light receiving array 70 and 
a Y axis light receiving array 72 are positioned on the two opposing sides of the screen 
64, opposite the sides 10b and 10a respectively. The light receiving arrays 70 and 72 
detect the X axis and Y axis coordinates of any shadow in the lamina 62, caused by an 
input device breaking the lamina 62 in the free space above the screen 74 during a data 
entry operation. A processor 74, coupled to the X axis and Y axis arrays 70 and 72, is 
used to calculate the X axis and Y axis coordinates of the interrupt. Together, the X and 
Y axis arrays 70 and 72 and the processor 74 provide an optical position detection device 
for detecting the position of interrupts in the grid 62. Based on the coordinates of the 
interrupt, a data entry on the screen 74 can be determined. For more details on this 
embodiment, see the aforementioned application. 

[0016] According to various embodiments of the invention, the light reflecting off the 
facets 14 can be controlled in a number of ways. For example, the angle, tilt, size, depth 
and curvature of the facets 14 within the member 10 can all be selectively modified to 
realize a desired result. 

[0017] Referring to Figure 6, an enlarged view of the facets 14 of member 10 are shown. 
The angle of the facets 14 determine the direction of the reflected light. In the 
embodiment shown, the facets 14 are at an angle of approximately forty-five degrees (0 = 
45 degrees) with respect to the side walls 18 of member 10. The reflected light 82 is 
therefore at an angle of approximately 90 degrees with respect to the member 10. In other 
embodiments, the angle 0 may vary to control the direction of the reflected light. The 
angle 0 of the facets 14 may vary from zero to any angle within the TIR of the material 
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used for the optically transparent member. For example, if the material is plastic with 
n=1.50, the TIR occurs at any angle less than 48 degrees. 

[0018] Referring to Figure 7, an enlarged cross section of the member 10 is shown. The 
cross section 80 illustrates the facet 14 recessed within the side walls 18 of the member 
10. The cross section also shows the mirrored or reflective surface 82 of the facet 14. By 
controlling the tilt of the reflective surface 82, the direction of the light beams can be 
controlled. For example, if the reflected surface is tilted inward as represented by dashed 
line 84, then the light reflected off the reflective surface 82 will be steered downward or 
closer to the area above the member 10. On the other hand, if the reflective surface 82 is 
tilted in the other direction, as represented by dashed line 86, then the then the light 
reflected off the reflective surface 82 will be steered upward or higher with respect to the 
member 10. Hence, by adjusting the tilt of the mirrored surface 82 of the facets 14, the 
position of the resulting lamina with respect to the member 10 can be controlled. 

[0019] Referring to Figure 8A and 8B, a perspective view and cross section of the 
optically transparent member 10 are shown. As illustrated, the Figure shows the facets 
14 sequentially numbered from one (1) through forty one (41). Figure 8b illustrates a 
cross section of the member 10 at line 8b-8b' of Figure 8 A. The cross section 80 
illustrates the facet 14 recessed within the side walls 18 of the member 10. The cross 
section also shows the mirrored or reflective surface 82 of the facet 14. By controlling the 
depth "d" of the reflective surface 82 of each of the facets 14, the direction of the* 
reflected light beams can be controlled. More specifically, the depth of each reflective 
surface is determined by the equation 

d n = 1 .875 x 10 ~* (n - l) 2 + .030 mm (where n is the number of the facet) 

For example, the depth (d) of the reflective surface 82 for the first (1), eighteenth (18) 
and thirtieth (30) facets 14 are 0.030, 0.084 and 0.188 mm respectively. By altering the 
depth of each reflective surface 82, each facet 14 receives substantially the same amount 
of light. The resulting lamina is therefore substantially uniform. 

[0020] The divergence of light emitted from the optically transparent member can be 
controlled by the height of the reflective surface 82. For example, the smaller the height 
of the reflective surface, the broader or larger the divergence (i.e., same principle as a 
"single slit" diffraction) and vice versa. 
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[0021] Referring to Figure 9A and 9B, another perspective view and cross section of the 
member 10 is shown. In Figure 9B, a cross section of the facet 14 along line 9b-9b\ The 
top surface 90 of the facet 14 is characterized by being taller in the vicinity 92 of the light 
emitting surface 93 and being shorter in the vicinity 94 of the reflective surface 82. The 
height profile prevents the top surface of the facet 14 from blocking the light from the 
next facet 14. 

[0022] In a low cost embodiment of the present invention, the member 10 is made from a 
molded piece of plastic. In other embodiments, the member can be made from a 
machined or cut piece of glass or plastic. 

[0023] In various embodiments of the invention, the shape or curvature of the reflective 
surface 82 of the facets 14 of member 10 can also be altered to achieve a desired optical 
result. For example, in Figure 10A, the reflective surface 82a is flat and at a 45 degree 
angle with regard to the side walls 18 (not shown) of the member 10. Consequently, the 
reflected light, represented by arrows 102a, are at 90 degrees. In Figure 10B, the 
reflective surface 82b is shaped as a converging reflector. As a result, the reflected light 
beams 102b converge at a focal point 104b. Finally, as illustrated in Figure 10C, the 
reflective surface 82c is shaped as a diverging reflector. The reflected light beams 102c 
therefore diverge in different directions. In other embodiments, other reflective surfaces 
of member 10 (e.g. the top, side or bottom surfaces of the member 10) may be designed 
to reflect the portion of the light striking such surfaces in a desired direction or manner. 
Additionally, end surfaces, such as the ends of reflective surfaces 82 may be designed in 
a manner (e.g. curved or further angled) to direct the corresponding incident portion of 
the light striking such surfaces in a desired manner. Thus, it should be appreciated that 
virtually any surface of the member 10 may be made reflective and oriented in a manner 
that directs the light. It should also be appreciated that the light may be reflected in a 
direction that falls within the plane of the member 10 or at an angle with that plane. 

[0024] In still other embodiments, any surface of the member 10 that light passes into our 
out of may be curved or otherwise oriented in a manner that refracts the light in a desired 
direction. This can include the light receiving end of member 10, or any surface that light 
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is arranged to pass out of. (e.g. the inner side wall, the top wall, the bottom wall, an end 
wall, etc. of the member 10). 

[0025] Referring next to Figure 11, one particular embodiment of the optically 
transparent member that incorporates a refracting surface is shown. In this embodiment, 
a collimating element 1 10 is shown integral with the light receiving end of the optically 
transparent member 10. The collimating element 110 collimates the light from source 112 
before it enters the input end of the optically transparent member 10. In various 
alternatives of this embodiment, the collimating element 110 can be integrally molded or 
cut from the same piece of plastic or glass used to make the member 10. 

[0026] Referring to Figure 12, yet another embodiment of the optically transparent 
member according to the present invention is shown. In this embodiment, a beam splitter 
122 is provided at the angle between the sides 10a and 10b of optically transparent 
member 10. The beam splitter splits the light from light source 122 and directs the light 
down each side 10a and 10b. 

Although the foregoing invention has been described in some detail for purposes of 
clarity of understanding, it will be apparent that certain changes and modifications may 
be practiced within the scope of the appended claims. For example, the present invention 
has been described with use with a two dimensional member 10. In alternative 
embodiments, the member 10 can be one dimensional, or more than two dimensions, for 
example three or more dimensions. The member 10 also can assume any shape (e.g., 
straight, curved, round, etc) and is not necessarily limited to L-shaped as described 
herein, can be used with either a one dimensional lamina plane (i.e., a line) or even a 
three dimensional lamina space (X axis, Y axis and Z axis). In any case, the number of 
light sources and light receiving arrays is generally, but not necessarily, the same as the 
number of axis used in the system. For example, in the two dimensional lamina 12 
illustrated in Figure 1, X axis and Y axis light sources 16 and 18 are used. However, in 
alternative embodiments, a single axis light source could be used to create the lamina. In 
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yet other embodiments, either internal or external reflective surfaces (e.g., micro-mirrors) 
an be used in place of TIR. . In various embodiments, the micro-mirrors can be flat, 
convergent, or divergent. Lenses or some other type of refractive element also can be 
placed on the light emitting surface of the side walls of the optically transparent member 
10. In various embodiments, the refractive elements can be flat, convergent, or divergent. 
Therefore, the described embodiments should be taken as illustrative and not restrictive, 
and the invention should not be limited to the details given herein but should be defined 
by the following claims and their full scope of equivalents. 
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